Historic,  Archive  Document 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


UNITED  STATES 

DEPARTMENT  OF  AGRICULTURE 
LIBRARY 


BOOK  NUMBER 

S72290 


A280 

F762 


THE  INTERINDUSTRY  RELATIONS  STUDY  AND  ITS  APPLICATIONS 


By 

Solon  Barraolough 


Division  of  Forest  Economics 
Forest  Service 

U.S.  Department  of  Agriculture 


December  1953 


872290 


Contents 

Po-ge 

Theory  of  the  interindustry  study  ............ 1 

Relation  to  other  methods  of  economic  analysis  2 

The  Bureau  of  Labor  Statistics  interindustry  relations  project  4 

Interpreting  the  1947  input-output  tables  ..c*  6 

Limitations  of  the  interindustry  analysis  .... 7 

Areas  of  application  for  the  1947  interindustry  data  9 

Referenoes  15 

Publications  of  the  Bureau  of  Labor  Statistics  relating  to  the 

1947  interindustry  relations  study c ....... » 15 


08 


THE  INTERINDUSTRY  RELATIONS  STUDY  AND  ITS  APPLICATIONS 


Theory  of  the  interindustry  study 

It  is  common  knowledge  that  the  various  parts  of  the-.  Amerioan  economy., 
are  closely  related  ~ that  a change  in  price  or  outputs,  of  one  industry 
will  have  reperoussions  in  many  others*  The  interindustry  r.elations 
study  is  based  on  this  'fact  plus  the  additional'  -observation,  .that  the 
manner  in  which  different  segments  of  the  economy  are  . related  tends  to.;  ; 
be  predictable.  Although  the  basic  structu-re  of  the;  economy  changes  in,... 
response  to  technological  progress,  to  redistributions  of  wealth,  and 
to  altered  tastes  of  consumers,-  these  changes  are  usually  gradual}  -for  ; ■ 
instanc'd',  the  amount  of  steel  and  rubber  needed-‘i;o  make  an  automobile  , 
or  the  ton's  of  pulpwood  required  for  manufacture  of  a.  ton  of  paper 
ohange  bat  slowly.  • ••  v . . ■ • 

• • * • > 7 

Franoois  Quesnay  was  the  first  economist  to  explore  systematically  the 
mutual  interdependence  of  all  sectors  in  the  economy.  V/riting  in 
France  during  the  mid-eighteenth  century,  Quesnay  had  a considerable 
influence  on  the  development  of  economic  thought,  and  his  "Tableau 
Eoonomique"  which  attempted  to  show  the  structure  of  the  French .economy 
influenced  many  later-day  economic  concepts.  . ? 

Nearly  a century  later  Leon  V»alras,  another  Frenchman,-  formulated  a set 
of  mathematical  equations  expressing  the  conditions,  necessary  for 
"general  equilibrium"  of  the  economy*-  .These  equations  showed  how  an  ; 
initial  impulse  brought  about- by  a' change  in  output  or  price  of  one  . 
product  would  be  transmitted  throughout  the  entire  system,  affecting 
all  other  outputs  or  prices. 

It  was  not,-  however,  until  our'  own  day  that  there  was  a serious  effort 
to  make  the"- gene f*Al:  equilibrium- theory  operational- by  fitting  the 
necessary  quantitative  data'-  into  a comprehensive  framework.  Professor 
’.Vassily  Leonti'ef  began  -such'  a project  at  Harvard. more  than  20  years  ago. 
Using  census  data  primarily,  he  constructed  "inpu.t-putp]ut"  tables 
showing  the  structure  of  American  economy  in  1919,  1929,  and  1939.  More 
recently  the  Bureau  of  Labor  Statist ics  and  various  other  agencies  of 
the  Federal  Government  have  been  cooperating  in  a detailed;  analysis  of 
the  structure  of  the  American  economy  for  1947  and  1950. 

J ,r, 

For  purposes  of  these  studies  the  economy  is  viewed-  as  being-  divided?. 
into  several  relatively  homogeneous  industries  or  sectors. -Each  -secftor 
buys  from  and  sells  to  the  others.  Thus  the  motor  vehicle  sector  buys 
inputs  from  the  steel  industry,  from  the  rubber  industry,  from  the 
maohine  tool  industry,  from  the  household  sector  (which  supplies  labor), 
and  from  others.  Those  inputs  are  combined  according  to  relatively 
fixed  technological  processes  into  cars  and  trucks  arid  sold. to 
purchasers  who  may  be  "households,"  ether  industries  requiring  motor 
vehicles,  foreign  buyers,  and 'the  like.  . 
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The  quantities  and  kinds  of  inputs  required  by  each  industry  per  unit 
of  its  output  are  predictable , at  least  for  outputs  similar  to  those 
experienced  in  the  past*  This  functional  relationship  of  inputs  to 
outputs  in  the  industrial  process  constitutes  the  structure  of  the 
eoonomy.  . .......  .... 

Of  course,  it  is  possible  to  regard  the  inputs  and  outputs  of  nil 
seotors  of  the  economy,  including  ultimate  consumers,  as  being  func-  . 
tionally  related.  However,  the  relationship  between  the  incomes  of  ' . 
final  consumers  and  their  purchases  is  much  less  predictable  than  the 
relationship  between  inputs  and  outputs  of  intermediate  manufacturing, 
processing  and  service  industries*  Hence  it  is  useful  to  regard  the 
purchases  of  ultimate  consumers  as  being  "autonomous"  and  constituting 
the  "fined  demand"  for  each  industryfs  output.  The  size  and  nature  of 
this  final  demand  is  determined  in  part  by  forces  generated  outside  of 
the  economic,  system.  Purchases  by  households,  by  the  military,  for 
foreign  trade,  by  governments,  for  construction,  for  plant  expansion, 
and  the  like,'  constitute  the  final  demand  for  the  output  of  each  industry* 
The  sum  of  these  final  demands  is  roughly  equivalent  to  the  gross  national 
product. 

The  structural  relationships,  in  each  industry  can  be  expressed  by  a series 
of  equations.  A separate  equation  for  each  sector  shows  output  of  that 
industry  as  a function  of  it's  inputs.  All  of  the  equations  together  make 
up  a matrix  that  describes  the  structure  of  the  entire  economy.  By 
solving  these  equations  simultaneously  the  ramifications  throughout  the 
eoonomy  of  a change  in  output,  price,  or  structure  in  any  sector  are 
readily  apparent.  For  instance,  the  economic  effects  of  a change  in  the 
final  demand  for  cars  or  of  a change,  in  the  amounts  and  kinds  of  inputs 
required  to  manufacture  a car  oan  be  seen. 

The  discussion  above  has  been  chiefly  in  terms  of  quantities  of  inputs 
and  outputs.  The  price  structure  can  be  viewed  in  a parallel  manner  to 
the  input  structure,  the  relationship  of  prioes  and  costs  being  regarded 
as  stable.  In  practical  application,  however,  price  and  quantity 
elements  are  oombined  .sp  that  quantities  of  inputs  and  outputs  are 
expressed  in  physical  teyins  weighted  by  dollar  value. 

Relation  to  pther  methods  of  economic  analysis 

A comprehensive  conceptual  framework  such  as  the  input-output  system 
helps  us  to  understand  economic  relationships  better  and  to  bring  all 
available  relevant  data  to  bear  more  effectively  on  problems.  However, 
it  cannot  be  expected  that  this  or  any  other  theory  will  enable,  us  to. 
predict  the  actual  course  of  economic  events,  since  a . great  nuny  - • 

factors  'other  than  tiiosf  considered  in  the  equations  h3lp  to  determine 
what  will  happen.  An  adequate  th-'ory,  never  ehe less,  will  assist  in  * 1 ’ 

making  meaningful  conditional  statements  so  that  an  analyst  can  say 
"if  these  conditions  hold  then  such  and  such  will  result.  ,f  Other-  kinds 
of  economic  , predict:  oh  are  beyond  the  scope  of  any  , analytical  methodology. 


The  fact  that  a theory  does  not  enable  us  to  forecast  future  happenings 
does  not  mean  that  it  is  not  a significant  advance  in  thinking  and  under- 
standing. Harvey's  theory  of  the  circulation  of  the  blood  was  of  little 
help  in  predicting  how  long  a person  could  be  expected  to  live,  but  it 
did  clarify  thinking  so  that  many  great  advances  in  medicine  became 


Theory  and  factual  data. --One  function  of  an  adequate  theory  should  be 
"to  point  out  what  empirical  data  are  needed  and  to  provide  the  frame- 
work for  organizing  and  explaining  these  data.  A theory  that  does  not 
lead  to  hypotheses  that  oan  be  checked  against  the  facts  is  seldom  of 
much  value.  A great  limitation  of  classical  economics  has  been  that 
they  have  not  produced  many  operational  hypotheses  that  could  be  tested 
through  actual  observations.  The  input-output  approach  is  a step  towards 
remedying  this  situation  in  that  it  provides  a framework  for  using  great 
masses  of  available  data  to  examine  the  validity  of  many  cherished 


Methods  for  economic  analysis c — Eoonomists  have  developed  several  methods 
for  analyzing  various  types  of  economic  problems.  All  are  useful  on 
occasion.  The  input-output  approach  is  only  one  more  tool  in  the  prac- 
ticing analyst's  kit. 

The  analytical  tool  with  which  everyone  is  probably  familiar  is  the 
supply  and  demand  curve  concept.  This  method  of  analysis  is  a partial 
one  in  that  it  assumes  "all  other  things  to  be  equal"  while  ohanges  in 
a single  industry  are  examined.  It  results  in  static  analyses  because 
a demand  or  supply  schedule  depicts  a situation  during  one  moment  of 
time  only;  changes  over  time  have  to  be  accounted  for  by  postulating 
"shifts"  and  "changes  in  shape"  of  the  schedules. 

Partial  analysis  of  the  supply-and-demand-curve  kind  can  be  made  more 
dynamic  by  using  the  shape  of  the  schedules  to  explain  the  path  of 
prices  and  outputs  over  time.  The  cobweb  theorem  explaining  the  famous 
"corn  hog  cycle"  follows  this  partial  but  dynamic  approach.  (2_) 

A third  type  of  analysis  is  that  represented  by  the  input-output  approach 
just  described.  This  method  of  analysis  is  g9.ueral  since  all  elements  of 
the  economy  are  simultaneously  considered.  The  approach  is  static,  how- 
ever, because  explanations  of  changes  of  input-output1  flows  over  time  are 
not  explicitly  "built  into"  the  system,  (S) 

It  is  feasible  to  construct  an  input-output  model  that  is  also  dynamic. 

To  do  this  it  is  necessax-y  to  relate  funotionally  the  capacity  and 
capital  stocks  of  each  industry  to  the  flows  of  its  inputs  and  outputs 
and  to  introduce  time  as  a variable  in  the  equations.  Both  theoretical 
and  empirical  work  is  being  done  on  such  a model  at  the  present  time.  (9) 

The  analytical  method  known  as  linear  programming  resembles  the  input- 
output  approach  in  many  ways.  Linear  programming  makes  it  possible  to 
determine  the  production  processes  (activities)  which  are  most  likely  to 
maximise  or  minimize  certain  values  when  there  are  a great  many  variables 

l/  Parenthetical  numbers  refer  to  list  of  References,  p«  13. 
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involved.  For  instance,  where  there  are  certain  outputs  of  various 
products  required  for  the  defense  program  the  problem  might . be  to 
choose  the  production  processes  for  achieving,  these  outputs  that  will 
result  in  the  minimum  use  of  certain  strategic  raw  materials j or 
alternatively  the  problem  might  be  one  of  obtaining  maximum  outputs 
from  given  limited  quantities  of  these  scarce  resources®  The  applica- 
tion of  activity  analysis  to  economic  problems  is  still  in  its  experi- 
mental stages,  but  this  tool  promises  to  become  an  important  one  in 
the  future.  (5) 

The  analysis  of  activities  need  not  be  restricted  to  problems  pf  simply 
maximizing  or  minimizing  certain  values#  The  recently  developed  theory 
of  games  provides  techniques  for  arriving  at  the  most  advantageous 
solution  in  a game , of  strategy*  and  this  may  be  neither  a simple  maximum 
nor  a minimum  position#  Several  economic  problems  bear  considerable 
resemblance  to  those  of  players  in  games  of  strategy,  like  chess  or  poker# 
Capitalizing  further  on  this  resemblance  promises  to  be  another  helpful 
development  in  economic  analysis#  (5) 

The  Bureau,  of  Labor  Statistics  interindustry  relations  project 

As  early  as  1941  a small  group  of  economists  in  the  Bureau  of  Labor  Statis 
tics  became  interested  in  Professor  Leontiof’s  work#  They  saw  in.  the 
in  put?#' out  put  ^approach  a practical  means  of  obtaining  additional  insights 
to  complicated  employment,  wage.  and.  industrial  aptiyity  problems#  In 
the  past,  .problems  simultaneously  affecting  many  sectors  of  the  economy 
had  usually  eluded  quantitative  analysis*  Following  World. War  II,  the 
BLS  used  Leontiei‘*s  approach  experimentally  in  analyzing  possible  employ- 
ment patterns  for  1950#  The  results  were  so  good  that  BLS  economists 
were  encouraged  to  go  ahead  and  expand  interindustry  research# 

The  numerous  economic  complications  caused  by  wartime  mobilization  and 
controls  gave  further  stimulus  to  the  interindustry  relationship  investi- 
gations, In  fact,  some  kind  of  eoonomy-wide  tool  of  analysis  like  the 
input-output  system  seemed  to  be  the  only  way  to  get  at  the  large 
secondary  effects  often  resulting  from  the  expansion  of  certain  indus- 
tries and  restrictions  on  others#  Faced  with  the  prospect  of  industrial 
mobilization  in  event  of  war  the  Air  Force  became  interested  in  the 
input-output  technique;  it  offered  a means  of  gaging  the  effects  on  the 
economy  of  various  military  procurement  programs  and  of  judging  their 
feasibility#  Substantial  Defense  Department  funds  were  made  available, 
enabling  the  BLS,  a few  other  agencies  and  several  universities  to  work 
with  the  Air  Force  on  interindustry  data  for  use  in  mobilization 
problems#  The  Bureau  of  the  Budget  took  over  the  coordinating  function 
in  this  research.  In  addition  to  work  done  by  the  BLS  and  Air  Force, 

. interindustry  research  projects  were  undertaken  by  the  Department  of 
Commerce  and  the  Bureau  of  Mines,  Practically  all  Government  agencies 
cooperated  in  some  degree# 
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A majox4  task  in  all  this  accelerated  research  was  to  assemble  data  show- 
ing in  detail  the  flow  of  goods  and. services  throughout  the  economy 
during  some  base  year;  1947  was  selected  since  the  most  recent  census  of 
manufactures  was  made  for  that  year.  Data  were  assembled  showing . inputs 
and  outputs  from  some  450  sectors  of  the  economy.  These  data  were 
recorded  on  punch  cards;  to  publish  a 450-sector  table  could  require 
nearly  200,000  separate  entries  and  take  up  hundreds  of  printed  pages. 

The  BLS  published  first  a 50-sector  summary  input-output  table  and 
later  a 200-sector  table.  These  were  arrived  at  by  aggregating  the  more 
detailed  450-seotor  punoh  card  data.  While  some  detail  is  lost  through 
aggregation,  the  200-seotor  table  gives  a fair ly  complete  picture  of  the 
structure  of  the  economy  in  1947. 

Professor  Leontief  explained  input-output  economics  and  summarized  the 
1947  data  in  a popular  article  that  appeared  in  the  SCIENTIFIC  AMERICAN 
in  October  1951  (7).  The  50-seotor  tables  along  with  a comprehensive 
explanation  were  published  in  the  REVIEW  OF  ECONOMIC  STATISTICS,  May 
1952,  in  an  article  by  W.  D.  Evans  and  Marvin  Hoffenberg  (.3).  The  200- 
sector  tables,  printed  on  large  sheets,  are  available  from“the  Bureau 
of  Labor  Statistics  (14)  along  with  explanatory  material.  Copies  of 
these  materials  are  in  the  Forest  Service  files. 

The  various  sectors  shown  in  these  tables  represent  a compromise  between 
a classification  by  product  and  a grouping  by  industries.  If  each 
industry  produced  only  one  product  there  would  be  no  problem  in  grouping 
them  into  different  sectors,  but  this  is  seldom  the  case.  Where  one 
industry  produced  several  products,  all  but  the  primary  product  are 
shown  in  the  tables  as  being  transferred  as  an  output  from  the  industry 
of  origin  to  an  input  of  the  industry  where  that  product  is  primary. 

Thus  if  the  sawmill  industry  produced  some  surplus  electric  power  for 
sale  it  would  appear  in  the  input-output  table  first  as  a transfer  to 
the  electric  industry  and  then  as  a sale  to  the  consumer. 

Where  there  was  no  actual  industry  primarily  producing  a specialized 
product,  dummy  industries  were  sometimes  set 'up  so  that  the  input 
pattern  of  the  producing  industry  would  not  be  distorted.  For  instance, 
dummy  industries  are  shown  in  the  200-sector-  tables  as  producing  hides 
and  scrap  metal. 

Trade,  transportation,  merchandizing  and  the  like  are  shown  as  separate 
sectors.  These  functions  oall  for  unique  patterns  of  inputs  and  outputs 
even  though  they  may  be  organized  institutionally  as  part  of  a manufac- 
turing or  processing  industry. 

All  entries  in  the  tables  are  in  terms  of  "purchaser’s  values."  Conceiv- 
ably physical  units  of  tons,  cords,  eto.,  could  have  been  entered.  How- 
ever, both  finding  the  original  data  and  subsequent  mathematical  manipu- 
lations are  made  easier  by  using  a common-value  denominator.  Each  value 
entry  can  be  thought  of  as  a physical  quantity  weighted  by  1947  price 
indices. 
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Interpreting  the  1947  input-output  tables 

It  would  help  the  reader  in  following  the  remainder  of  this  explanation 
if  he  would  refer  to  the  three  50-sector  tables  (Nos.  4,  5,  and  6) 
appearing  id  the  article  by  Evans  and  Hoffenberg  (3)» 

How  to  read  table  4. — The  different  seotors  or  industries  are  listed  in 
order  from  top  to  bottom  and  again  from  left  to  right.  Eaoh  row  of 
table  4 (across  the  page  from  left  to  right)  shows  how  the  total  output 
of  that' sector  was  distributed  among  the  sectors  listed  on  the  top  Of 
the  page.  The  entries  from  top  to  bottom  ih  each  column  show  the  Origin 
of  each  of  the  inputs  used  by  the  industry  listed  at  the- top  of  the 
column.  Sectors  45  through  50  of  the  table  constitute  the  final  demand. 

’ 'This  input-odtput  table  'summarizes  the  transfers  of  goods  and  services 
th  vt  took  place  during  1947.  For  instance^  the  furniture  and  fixtures 
industries'  (sector  7)  bought  «385  million  of  its  inputs  from  the  lumber 
and -wood  products  industries  (sector  6),  $1,053  million  (labor ) from 
households,  etc.  At  the  same  time  the  furniture  industry  sold.  $102  mil- 
lion, to  the"  radio  and  television  industry  (sector  24). and  #1,459  million 
to  consumers  in  households  (sector  50),  etc . • 


Table  5 closely  resembles  table  4.  It  shows  for  each  sector  listed  on 
the  top  of  the  page  the  dollars  worth  of  inputs  required  directly  from 
the  industry  listed  on  the  left  to  produce  one  dollar’s  worth  of  product 
These  ratios  of  input  per  unit  of  output  are  the  1947  input  coefficients 

Input  coefficients  not  shown  for’  all  sectors.— One  will  observe  that  in 
table  5 input  coefficients  are  hot  shown  for  Sectors  46-50.  This  is 
because  the  inputs  and  outputs  of  these  sectors  representing  ultimate 
consumers  cannot  be  regarded  as  being  functionally  related  in  any  simple 
manner.  The  input-output  relationships  of  the  raw-material-producing 
and  intermediate-processing  sectors  (sectors  1-45)  have  a stable  techno- 
logical basis;  an  increase  in  output  will  generally  call  for  a propor- 
tionate increase  in  inputs.  The  input  requirements  of  the  final  demand 
sectors,  however,  are  not  determined  solely  by  this  techno logji cal  rela- 
tionship of  inputs  to  output.  The  requirements  for  various  goods  and 
services  of  governments  of  "household11  consumers,  of  foreign  trade,  of 
construction,  and  of  the  military,  for  instance,  are  in  large  measure 
determined  by  external  "autonomous"  factors.  As  explained  above  these 
sectors  can  be  thought  of  as  constituting  the*  final  demands  for1  the 
products  of  the  economy.  ' / • *•  'r  k-  \ , 

No  coefficients  are  shown  for  3 of  the  dummy  industries' appearing  in  the 
large  200-sector  tables  .for  another  reason  — their  input  patterns  have 
no  real  technological  counterparts.  The  production  of  hides,  for  ‘ 
instance,  is  solely  a by-product*  of  cattle  production.  Thus  the  input 
structure  of  the' "dummy"  hide  industry  has  no  analytical  significance. 

In  the  50-sector  tables,  dummy  industries  are  not  shown  Separately. 


Fixed  input  coefficients.  —When  the  input-output  method  is  u >ed  r.ralyt- 
icalT1*  it  is  usually  assumed  that  the  input  coefficients  remain  fixed 
purposes  of  tae  problem  at*  hand.  In  other-  words,  an  increase  or 
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decrease  in  the  output  of  any  sector  will  call  for  a proportional  increase 
or  decrease  of  all  that  sector's  inputs.  In  mathematical  terms,  the  input- 
output  equations  are  linear  and  homogeneous. 

As  everyone  knotvs,  the  proportion  of  each  input  to  total  output  of  an 
industry  is  not  necessarily  fixed.  The  "law"  of  diminishing  returns  is . in 
contradiction  to  this  assumption.  Nonetheless,  to  assume  fixed  input 
coefficients  for  short-term  analyses  of  large  industries  is  a good  approxi- 
mation of  the  facts.  The  engineering  "recipes"  for  producing  most  products 
cannot  be' 'changed  easily.  If  they  are  changed,  it  usually  means  invest-, 
ments  in  new  processes,  tools,  and  the  like,  that  take  time  to  accomplish 
on  a large  scale.  Fixed  coefficients  are  usually  more  realistic,  however, 
the  shorter  the  time  period  involved  and  the  nearer  output  remains  to  the 

base  period  level.  • ; 

f v..  i *•••*'• 

In  the  long  run,  structural  change  is  a dominant  characteristic  of  the 
economy.  If  this  Were  not  so  we  might  still  find  over  three-fourths  of  the 
labor  force  engaged  in  growing  food.  But  changes  tend  to  be  gradual  for 
any  large  sector  of  the  economy;  and  the  direction  and. speed  of  technical 
change  can  often  be  foreseen. 

Table  6 — direct  and  indirect  requirements. — Table  6 shows  the  quantities  of 
outputs  and  inputs  that  would  be  required  either  directly  or  indirectly  as 
a result  of  increasing  the  final  demand  of  any  sector’s  output  by  $1.  The 
table  shows  how  economic  activity  is  generated  throughout  the  whole 
economy  whenever  the  output  of  a single  sector  is  increased.  The  table  is 
sometimes  spoken  of  mathematically  as  the  "inverse  matrix"  and  was  arrived 
at  -through  solving  all  cf  the  input-output  equations  in  the  system  simul- 
taneously. 

The  importance  of  indirect  requirements  is  shown  in  the  following  example. 
Table  5 indicates  that  the  radio  industry  requires  only  0.6  cents  of  addi- 
tional production  directly  from  the  lumber  and  wood  products  sector  per 
additional  dollar’s  worth  of  radios  sold  to  consumers.  Table  3,  however, 
reveals  that  the  actual  increase  in  lumber  production  required  both 
indirectly  and  directly  by  delivery  of  an  additional  dollar’s  worth  of 
radios  to  consumers  would  be  3o2  cents.  The  indirect  lumber,  requirements 
in  this  case  were  more  than  five  times  as  great  as  the  direct.  This  was 
largely  because  an  increase  in  radio  production  calls  for  a greater 
output  of  cabinets  produced  by  the  furniture  industry,  which  in  turn 
purchases  most  of  its  raw  material  inputs  from  the  lumber  and  wood 
products  sector.  * 

Limitations  of  the  interindustry  analysis 

• ie  have  mentioned  several  assumptions  inherent  in  the  19^7  interindustry 
model.  They  can  be  examined  under  three  main  headings.  .The  analyst 
should  make  certain  that  he  understands  these  underlying  elements  before 
using  the  data.  First,  the  tables  assume  a fixed  input  structure. 
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Changes  .in. the  proportions  of  each  input  required  per  unit  of  output  are 
not  allowed  for.  In  addition,  no -allowance ' is  made  for  the  introduction 
of  new  industries  or  for  other  changes  in  production  patterns.  Second, 
a unique  demand  structure  is  given  implicitly  by  the  table.  Changes  in 
final  demand  associated  with  different  social  conditions  and  income 
levels  or  altered  tastes  have  to  be  explicitly  taken^ into  account;  these 
adjustments  are  not  automatic  within  the  system.  Third,  the  factor  pay- 
ment structure  is  also  fixed.  Relative  prices  and  wage  rates  are 
assumed. to  remain  the  same.  Changes  in  the  distribution  of  wealth,  . 
power,  and  income  on  which  the  factor  payment  structure  is  based  would 
alter  this  pattern. 


The  analyst  can  introduce  structural  changes  into  any  of  these  three 
elements.  But  if  this  is  not  done  he  must  remember  that'  he  is  assuming 
their  structure  remains  the  same.  These  assumptions  do  not  invalidate 
the  use  of  interindustry  analysis;  the  same  set  of  assumptions  plus 
others  have  to  be  made  when  using  any  other  analytical  method  now  prac- 
ticable. A truly  "dynamic”  input-output  model  could,  however,  make  . 
automatic  adjustments  for  some  types  of  the  changes  mentioned. 


Adequacy  of  the  basic  data.— Of  course,  the  input-output  method  cannot 
give,  results  which  are  better  than  the  quality  of  the  data  used.  IVhny 
critics  have  questioned  whether  the  statistics  in  the  1947  table  are 
reliable  enough  to  be  a good  guide  to  the  real  structure  of  the  economy. 


The  answer  to  this  is  that  the  data  are  about  as  good  as  any  available 
and  .'give  us  the  best  description  of  the  economy  there  is.  For  instance, 
the  data  on  inputs  and  outputs  of  the  sawmill  and  planing  mill  sector  . 
were  painstakingly  assembled  using  Census,  Forest  Service,  and  .industry 
supplied  figures.  Conflicts  were  eliminated  insofar  as  possible.  The 
data  were  c r o' sb -checked  in  several  ways  since  not  only  do  the  inputs  of 
each  sector  have  to  add  up  to  that  sector’s  total  output,  but  they  have 
to  be  consistent  as  a component  part  of  the  total ' output  of  each  sector 
that  supplied  them  and  this  output  in  turn  must  be  consistent  with  that 
sector’s  inputs... 


In  several  places  the  interindustry  figures  appear  to  conflict  with 
Forest  Service  figures.  Upon  checking  into  these  cases  it  became 
apparent' that  the  discrepancies  were  almost  always  due  to  differences  . 
in  definition  and  classification,  not  to  a conflict  in  source  materials. 
The  input  of  timber  products  of  the  railroads,  for  example,  is  from  the 
construction  industry  instead  of  directly  from  the  sawmill  industry. 


Computational  difficulties .--The  difficulties  of  handling  numerous 
equations  simultaneously  has  often  been,  cited  as  a serious  objection  to 
use  of  the  input-output  method.  This  objection  is  not  usually  well 
founded'.  The  mechanics  of  solving  the  numerous  equations  by  the  use  of 
large  computing  machines  are:  relatively  simple.  Climatologists  and 
engineers  have  worked  with  mathematical  systems  of  similar  complexity 
as  a matter  of  routine  for  some  time  now.  , . ■ - 
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This  is  not  to  say  that  anyone  can  set  up  a problem  wit hi  his  own  data  and 
set  of  assumptions  and  get  it  solved  easily*  L/jani  pula  ting  the  entire  set 
of  equations  ■ is  inevitably  cumbersome  and  expensive;  the  general  .analyst 
wishing  to  use  inout-output  methods  and  data  will  have  to  make  'use  ...of  the 
published  tables  already  described.  If  his  problem  involves  different 
structural  assumptions  and  basic  data,  he  will  have  to  make  allowances 
where  possible  or  else  have  the  facilities  for  undertaking  an  expensive 
computational  job. 

* * * .*••««  * * • 

The  input-output  methods  and  data  will  give  insights  to  a host’.o'f.- small 
and  specialized  problems  even  though  it  will  seldom  pay  to  focus- the 
whole  input-output  analytical  machine  on  a single  minor  question.  By 
using  the  1947  tables  showing  input  coeffic.ien.ts  and  direct- and  indirect 
requirements  anyone  can  compute-  the  generated  activity  resulting  from  a 
revised  final  bill  of  goods.  All  that  is  needed  to  do  this  Is  sufficient 
judgnent,  patience,  and  a desk  calculator. 


Areas  of  application  for  the  1947  interindustry  data 

In  a paper  delivered  before  the  1952  Conference  on  Income  and  Wealth, 

Evans  and  Hoffenberg  (4.)  discuss  application  of  input-output  analysis  to 
various  problems.  Since  its  possible  application  to  Forest  Service 
problems  is  our  main  purpose  for  looking  into1  the  interindustry  project, 

-we  will  summarize  some  of  their  observations  here. 

Probably  the  most  general  and  simplest  application  is  in  pointing  up  the 
numerous  factors  that  one  should  take  account  of  in  any  economic  analysis. 
A better  understanding  of  the  complex  nature  of  an  industrial  economy 
will  almost  certainly  result  from  a study  of  the  input-output  tables#  Use 
of  the  table  brings  out  clearly  the  heroic  assumptions  that  ar,e  made 
implicitly  when  using  simpler  methods  of  analysis.  Also,  the  conditions 
neoessary  for  consistent  answers  can  be  ascertained.  :.v 

Production;  rep.pqnse  to  altered  demand. --But  there  are  also  many  specific 
areas  of  application.  - The  giqnplest:  is  in  answering  the  question  of  what 
production  will  be  required  throughout  the  economy  to-tmeet^an  increase 
in  demand,  for  the  .product  of  any  one.  sector..  ; This- means  finding' both 
.direct  and  indirect,  effects  of  the  change  in  d.ema;nd»  The.  question  can 
be  answered  by  referring  to  table  -6  (-3).  Indirect  demands  may  be  very 
large  compared  to  the  direct  additional  requirements#  For  example/ 
using  1947  data  the  total  requirements  for  electric  power  necessary,  to 
increase  production  in  the  motor  vehicle  sector  would  be  more: than  five 
times  the  additional  direct  purchases  of  power  by  the  motor  vehicle  sector. 

Factor  payments.  The  analysis  of ; direct  and  indirect  requirements  result- 
ing  from  a.  change  in  final  demand  can  be.  extended  to  estimate’!. the  total 
additional  payments  to  the  various  factors  of  production.  For  example, 
assuming  a.. fixed  processing,  demand  and  factor  payment  structure,  one  can 
determine  the  distribution  among  different  sectors  of  a million  dollars* 
worth  of  . new  final  demand  for  agricultural  products.  • - 
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Induced  employment  .—One  of  the  most  obvious  uses  of  the  interindustry 
system  is  in  determining  the  relation  of  production  requirements  to 
employment;.  In  fact',  it;  is  possible  to  construct  a tabid  showing  the 
direct  and  indirect  requirements  for  additional  employment  resulting 
from  an  additional  million  dollars  of  final  demand  from  any, sector  in 
the  same  way  that  table  3 showed  the  direct  and  indirect  requirements 
for  all  products. 


ra 
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Resource  requirements. "-Similar ly,  the  method  and  data  can  be  used  to 
analyze  the  additional  requirements  for  any  basic  resource  if  final 
demand  in  on©  oh  several  sectors  is  increased.  Applications  for  esti— 
mating  timber  requirements  in  the  short  run  are  obvious.  The  longer 
run  impaot  of  an  expanding  economy  on  resource  use  is  much  more  diffi- 
cult to  evaluate  and  such  estimates  require  extensive  use  of  collateral 
data  and  analyses.  Valuable  insights  may  result,  nonetheless,  through 
use  of  the  interindustry  data. 


Price  and  market  analyses.— Theoretically,  changes  in  prices  resulting 
from  a change  in  wages  or  a change  in  price  of  some  commodity  can  be 
analyzed  in  the  same  way  that  changes  in  the  quantities  of  inputs  and 
outputs  resulting  from  a change  in  input  coefficients  are  analyzed. 
Actually,  there  probably  is  a great  deal  of  stickiness  and  unprediotabl 
irregularity  in  the  prioe  system;  price  impulses  tend  to  be  transmitted 
with  less*  orderliness  than  production  changes.  But  additional  insight 
about  results  to  be  expected  from  long  run  changes  in  price  relation- 
ships undoubtedly  can  be  obtained  through  using  the  interindustry  model, 


The,  interindustry  tables  should  also  be  of  help  in  making  market 
analyses.  The  marketing  structure  of  any  industry  is  laid  out  before 
the' analyst  of  an  input-output  table  since, it  shows  both  the  immediate 
and  ultimate  distribution  of  all  goods  produced..  The  means  are  thus 
. provided  for  relating  quantitatively  the  demand  for  end  products,  like 
paper,  \vith  markets  for  industrial  goods  and  raw  materials. 


Regional  analysis .--Regional  and  inter-regional  quantitative  economio 
analyses  have  always  b^en  unsatisfactory.  Secondary  benefits  and  costs 
accruing  to  a region  as  a result  of  a development  program  cannot  be 
measured  by  traditional  methods.  Also,  the  regional  impact  of  a change 
in  national  final  demands  is  difficult  to  assess.  The  interindustry 
method  provides  a tool  for  approaching  these  problems.  It  may  be  a long 
time  before  adequate  data  are  available  for,  meaningful  regional  analyses 
But  the  interindustry  method  makes  such  studies  at  least  feasible;  other 
and  more  traditional  methods'  could  not  make  full  use  of  regional  data 
even  if  available. 


Forecasting.— Possible  use  of  interindustry  methods  in  forecasting  has 
attracted  considerable  attention.  As  already  pointed  out,  however, 
forecasting  in  the  sense  of  predicting  the  future  is  beyond  the  scope  of 
any  economic  method.  All  that  thd  interindustry  system  can  do  is  help 
in  making  no re  accurate  conditional  statements  about  future  production 
and  distribution  of  goods  and  services.  A reoent  study  by  the  Bureau  of 
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7 Mines  (i)  illustrates  how  the  1947  data  might  be  used  in  making  long- 
range  conditional  forecasts. 

If  hy  other  methods, one  oan  predict  the  processing  structure  of  the 
eoonomy,  the  demand  structure,  the  factor  payment  structure,  and  the 
level  of  economic  activity  at  some  future  date  then  the  interindustry 
method  allov.rs  an  accurate  prediction  of  actuaL  requirements  for  any 
resource.  But  the  predictions  will  be  no  better  than  the  basic 
premises  the  analyst  makes  about  the  future  shape  and  size  of  the 
economy. 

One  may  well  question  what  use  the  method  has  at  all  in  forecasting. 

The  answer  is  one  of  alternatives.  The  main  alternatives  are  to  use 
pure  judgment  or  to  extend  past  trends.  There  is  no  need  to  point 
out  here  the  theoretical  objections  to  extending  regression  analyses 
beyond  the  range  of  observations.  If  past  conditions  do  not  appxy  in 
the  future  then  the  estimating  equations  become  useless  for  forecasting. 

The  interindustry  methods  makes  three  definite  contributions  to  fore- 
casting. (a)  It  helps  the  analyst  to  formulate  and  use  explicit  and 
consistent  assumptions  about  the  basic  structure  of  the  economy. 

(b)  It  enables  him  to  make  a logical  and  self-consistent  deduction  of 
requirements  based  on  these  assumptions.  (c)  It  provides  the  widest 
possible  statistical  base  for  drawing  any  .quantitative  inferences. 

Testing  the  interindustry  model ?s  forecasts. — The  applicability  of  the 
input-output  method  for  forecasting  is  discussed  by  Professor  Leontief 
(6).  In  an  essay  on  structural  change,  Leontief  "foreoasts”  1939  out- 
puts and  inputs  using  1929  input  coefficients  but  using  actual  1939 
final  demands.  He  does  the  same  kind  of  forecasting  for  1929  using 
1929  final  demands  but  the  1919  input  structure.  The  results  are  most 
interesting.  Despite  problems  arising  from  noncomparability  of  some 
of  the  data  between  various  decades,  and  index  number  problems  that 
arise  in  expressing  all  outputs  in  base-year  dollars,  the  predictions 
made  in  this  way  were  surprisingly  good;  they  indicated  that  structural 
ohanges  in  production  were  not  so  overwhelmingly  important  during  a 
10-year  period  as  is  generally  believed. 

For  instance,  1939  production  of  lumber  and  wood  products  was  predicted 
on  the  basis  of  1929  input  coefficients  and  1939  final  demands.  Actual 
production  in  1939  was  less  than  1 percent  different  from  the  "forecast” 
level.  This  means  little  in  itself  as  such  a result  could  have  been  due 
to  pure  chance  or  to  faulty  basic  data,  but  the  "predictions”  for  other 
sectors  also  were  remarkably  close  and  on  the  whole  Leontief  presents  a 
convincing  argument  that  basic  structural  change  is  a slow  process. 

Detailed  sector  data. — In  connection  with  assembling  the  1947  input- 
output  table,  the  BLS  made  comprehensive  studies  of  the  input  and  output 
structure  of  several  individual  sectors 0 Some  of  these  have  been 
published  and  should  prove  extremely  useful  in  many  analyses  of  forest 
economic  problems. 
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One  of  the  most  comprehensive  individual  sector  studies  concerns  construc- 
tion, This  is  summarized  in  three  reports.  The  first  is  mimeographed  and 
not  available  for  general  release  (11  )j  it  contains  the  input  breakdown 
separately  for  each  of  16  separate  construction  categories 0 The  direct 
material  costs  of  each  construction  category  in  1947  is  allocated  among 
the  190  processing  industries.  These  data  should  be  helpful  in  drawing  up 
future  bills  of  final  demand  assuming  a different  construction  pattern 
than  in  1947  „ In  addition,  the  BLS  has  published  two  reports  (12,  13) 
summarizing  data  relating  to  the  construction  sector* 

Another  sector  publication  of  interest  to  us  concerns  data  for  sawmills 
and  planing  mills  (10).  These  data  show  in  detail  the  distribution  of 
outputs  from  the  sawmill  and  planing  mill  sector.  The  report  also 
indicates  the  derivation  of  the  figures. 


Postscript 

The  interindustry  project  has  recently  been  discontinued  as  an  economy 
move.  Whether  or  not  more  data  will  be  forthcoming  is  highly  uncertain. 
The  Forest  Service  has  file  copies  of  all  the  publications  mentioned  above 
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